Anil, S. S., Anil, L. and Deen, J. 2008. Analysis of periparturient risk factors affecting sow longevity in breeding herds. Can. J. Anim. Sci. 88: 381Á389. The association of periparturient risk factors with sow longevity and the validity of sow removal decisions made during the periparturient period were analyzed. Data pertaining to 2066 sows from a commercial breeding herd from the US Midwest were used in this study. The likelihood of removal from the herd within 35 d post-farrowing decreased with a younger parity, the absence of lameness or other health problems, a higher lactation feed intake (LFI) and a greater number of live-born piglets (PB0.05 for all). A greater number of piglets born alive, the absence of lameness and a younger parity lowered (PB0.05 for all) the likelihood of removal of sows from the herd before the next parity. The number of piglets born alive was higher (PB0.05) among sows without any health problems during the previous periparturient period. A greater (P B0.05) number of sows that were retained without any health problems during the periparturient period farrowed. More sows (PB0.05) retained with health problems during the periparturient period were culled compared with sows retained without health problems during the periparturient period. In summary, periparturient factors such as LFI, the incidence of lameness or health problems, as well as sow-level characteristics such as higher parity and fewer piglets born alive predicted the removal of a sow from the breeding herd. Sows retained with periparturient health problems had reduced longevity and fewer live-born piglets, and fewer such sows had another farrowing.
Sow longevity is an important issue in swine breeding herds, as there are economic and welfare impacts of a lower sow retention rate. Early removal of sows from the herd due to mortality, health problems, and low productivity can involve animal welfare and economic concerns (Rodriguez-Zas et al. 2003) , and can adversely affect employee morale (Deen 2003a ). The addition of new gilts into the system may also increase health risks to the prevailing members in the system (Sanz et al. 2002) . The benefits associated with improved sow longevity include larger litters with heavier pigs, fewer unproductive days, acquired immunity to herd diseases, higher sow salvage value, and lower replacements costs (D'Allaire et al. 1987; Lucia et al. 2000) . The extent of sow retention in breeding herds is dependent on the level of culling and mortality rates. A mean death rate of 8.8% and a mean culling rate of 53.1% have been reported in US herds during (PigCHAMP 2006 . Productivity is considered positively related to sow Abbreviations: LFI, lactation feed intake longevity (Dourmad et al. 1994; Xue et al. 1997 ) as sow longevity is associated with the number of pigs produced per sow per year, although, contrary observations have been reported in other studies (Stein et al. 1990; Bilkei and Bolcskei 1995; D'Allaire and Drolet 1999) . Factors influencing sow removals are not consistent, and often the removal of a female pig is not dependent on its biological performance alone. The criterion used for deciding on sow removals may not be equally applied to all females present in the herd at a given time. For instance, although sow culling is a voluntary decision, producers may be reluctant to remove a periparturient/ lactating sow considering the productivity losses associated with such removals. However, the effect of retaining sows with health problems in the subsequent overall performance of the herd is seldom evaluated. Therefore, it is important to evaluate sow removal decisions.
Reproductive performance is the major factor influencing voluntary culling of breeding females, since it is essential for the sow to remain productive to remain in the herd. A sow may be removed from the herd for production or health-related reasons. Reproductive inefficiency can directly result in poor sow longevity, whereas health problems can affect longevity both directly and indirectly. Severe health problems can cause immediate removal of a sow from the herd. Indirectly, health problems can affect feed intake or subsequent reproductive performance of the sow resulting in sow removals. It is relatively easy to decide on the point at which a healthy animal is no longer economically valuable based on predetermined production criteria, such as farrowing rate or litter size. However, it is difficult to objectively assess the extent of welfare compromise in sows due to health problems (Dawkins 2003) . While it is possible to validate the removal decisions based on production performance by evaluating the improvement in performance at the herd level, the same is not possible for removals associated with welfare reasons. The difficulty is not in identifying whether the welfare is poor or not, but in determining the level of compromise in welfare due to health problems so that a decision to retain, cull or euthanize an animal can be made. Further, the production-related consequences of retaining a sow with compromised welfare are also less obvious. Sows are more likely to receive individual attention when they are in the farrowing crates. It is a common practice to feed the lactating sows individually and to perform the routine procedures for the piglets while they stay with the sow in the farrowing crates. The individual attention facilitates recording of different health problems such as lameness, downer and prolapses, in addition to disease symptoms such as off-feed, vulvar discharge, fever, diarrhea and respiratory problems while the sows are in the farrowing crates.
The risk of removal for a breeding female is not the same throughout its life. Farrowing is generally considered as a high-risk event for removal for both production and welfare reasons. Koketsu et al. (1996) reported that the amount and pattern of feed intake during lactation can influence subsequent reproductive performance and can affect the amount of culling. A severe reduction in feed intake during lactation may be indicative of compromised welfare, and may predispose a sow to removal following lactation. Stalder et al. (2004) noted that achieving maximum daily feed intake before the second week of lactation and a maximum daily feed intake of 8 kg will lower the risk of mortality. Anil et al. (2006) reported that sows consuming 53.5 kg of feed per day during the first 2 wk of lactation were more likely to be removed from the herd before their next parity. Farrowing has been reported to be an important risk factor for sow mortality (Deen and Xue 1999; Deen 2003b ). Karg and Bilkei (2002) reported that 40.2% of sow mortalities happened during lactation. The peripartum period is the risky period with 42% of all deaths occurring during this short period (Chagnon et al. 1991) . Stalder et al. (2004) concluded that farrowing problems accounted for 1.6 to 7.2% of all culls made. Lameness is an important reason for healthrelated removals. Among removed sows, 10 to 14% of removals were due to locomotor problems (Stone 1981; Friendship et al. 1986 ). In another study (Anil et al. 2005) , it was observed that among sows that were removed, the proportion of sows that died (including euthanasia) was higher during lactation than during non-lactation. Uterine prolapse has also been reported as a major cause of sow removal, accounting for 6.6% of sow deaths (Chagnon et al. 1991) . The chances for prolapses are higher around the time of farrowing. Although previous studies have evaluated the risk factors associated with sow longevity, most, if not all have focused on production or reproduction-related problems. Similarly, none of them have evaluated the consequences of health-related sow removal decisions made during the periparturient period on subsequent herd performance.
The objectives of the present study were to identify the risk factors, including health-related problems, operating at the periparturient period (i.e., while the sows were in the farrowing crates prior to farrowing and including lactation) and their association with sow longevity (within 35 d post-farrowing or before subsequent farrowing) and to validate the decisions to remove/retain a sow based on the performance of females retained with or without health problems during the periparturient period in the subsequent parity.
MATERIALS AND METHODS
Data pertaining to 2066 sows, with data on LFI collected for a subset of 1357 sows from a commercial swine breeding herd in the US Midwest during 2005Á2006 were used in this study. The sows belonged to commercial lines of Large White Yorkshire breed. Information on health problems (such as lameness, off-feed, vulvar discharge, prolapses, fever, diarrhea and respiratory problems), farrowing interventions (farrowing induction and farrowing assistance), feed intake and lactation length were collected from the sow cards while the sows were in the farrowing crate (prior to farrowing and during lactation). Lame animals were identified by the herd management based on sows' ability to bear weight on one or more limbs while moving them to the farrowing rooms and also while the sows were in the farrowing crates. Sows were hand-fed daily using a standardized scoop (1.36 kg capacity) while they were in the farrowing crate. Feed consumed was assumed to be equal to that fed if the feeder was empty. If any feed remained in the feeder from the previous delivery, the quantity of feed offered was reduced accordingly though the amount of feed remaining was not measured. If no feed remained from the previous delivery, the sow was offered one extra scoop of feed the following day. In some cases little feed wastage was noticed; however, the quantity wasted was not measured. The average LFI for each sow was calculated by dividing the total quantity of feed consumed from the first day of lactation until weaning by the number of lactation days for that sow. Other information such as the parity of the sow, preweaning mortality, piglets born alive, mummies, stillborn, wean-to-service interval, status of the sow 35 d post-farrowing (removed or retained), removal categories (cull, death or euthanasia) and removal reasons if removed and information on the farrowing performance of the retained sows in the subsequent parity were collected from the PigCHAMP database (PigCHAMP Ames, IA) for the herd. The associations of the longevity of these sows 35 d post-farrowing or before the next parity with the data collected during the periparturient period were analyzed.
The production performances of the sows that were retained with and without health problems during the periparturient period in their subsequent parity were compared to validate removal decisions. However, not all sows from both groups could be included for the comparison owing to changes in the health status of these sows during the period subsequent to their first periparturient period. Development of any health problem other than the one originally reported in the periparturient period led to the exclusion of a sow from the group that was retained with health problems. When the new condition reported was a continuation or a complication of the condition reported during the periparturient period, such sows were not excluded from comparison. Similarly, those sows retained without any reported health problem were not included for comparison if they developed a condition before the subsequent parity. The Institutional Animal Care and Use Committee of the University of Minnesota approved this study.
Statistical Analysis
All analyses were performed using SAS software (SAS Institute, Inc. 2003) (v 9.1). A summary statistic (mean9SE or frequency) of the data collected was analyzed. Univariate analyses were performed to identify the independent risk factors associated with sow longevity (Proc Logistic) within 35 d post-farrowing or before the next parity. For analysis, parity was categorized as parities 1 and 2, 3 to 5 and5. Health problems, including lameness, off-feed, vulvar discharge, prolapses, fever, diarrhea and respiratory problems during lactation and immediately prior to farrowing, were categorized as health problems reported, or not. Lameness was categorized as lame or non-lame. Factors such as farrowing induction and farrowing assistance were categorized as induced or not, and as assisted or not, respectively. Mummies, stillborn and pre-weaning piglet mortality were categorized as present or absent. Lactation length, average LFI and piglets born alive were included in the model as continuous variables. The percentage distributions of sows removed within 35 d post-farrowing or before next the parity were analyzed (Proc Freq). Similarly, the percentage distributions of sows removed within 35 d post-farrowing or before next parity with reported incidences of lameness or health problems during the periparturient period were also analyzed (Proc Freq). The frequency distributions of reported primary and secondary reasons for sow removals under different categories of removal (cull, death or euthanasia) within 35 d post-farrowing or before next parity were analyzed (Proc Freq).
Multivariate logistic regression models (Proc Logistic) were fitted to analyze the association of periparturient risk factors with sow longevity. Risk factors found significant (P B0.05) in the univariate analyses were only included in the multivariate models. The production performance of the sows that were retained with and without health problems during the periparturient period in their subsequent parity was compared using a t-test and two-sample proportion test to validate the removal decisions. A P value of 50.05 was considered significant in all analyses.
RESULTS
A description of the data collected is presented in Table 1 . Of the 217 sows (out of 2066) removed within 35 d post-farrowing, 178 sows were culled (voluntary removal), 17 sows were euthanized (involuntary removal for severe compromise in welfare) and 22 died. Among the sows removed within 35 d of farrowing, the majority were culled between 21 and 30 d postfarrowing, whereas most of the deaths and euthanasia were reported within the first week after farrowing (Fig. 1) . Among the 503 sows removed before attaining next parity (including the 217 removed within 35 d post-farrowing) 399 sows were culled, 70 died and 34 sows were euthanized. Figures 3 and Figure 4 show the percentage distributions of removed sows (within 35 d post-farrowing or before next parity) with lameness or other health problems during the periparturient period. Among the sows removed within 35 d post-farrowing 35% had lameness during the periparturient period, whereas 23% of sows removed before the next parity had lameness during the periparturient period. The comparison of the subsequent performance of sows retained with and without health problems (lameness and other health problems) during the periparturient period is presented in Table 2 . The results indicate that the number of piglets born alive was higher (P B0.05) among the sows without any health problem during the previous periparturient period. The number of sows farrowed was also higher (P B0.05) in the group without any health problems. A greater (P B0.05) number of sows was culled from the group with health problems during the periparturient period than from those without health problems. However, there was no difference between the groups in terms of wean-to-service interval, farrow-to-farrow interval, pre-weaning piglet mortality, lactation length, number of sows with mummies or stillborn and in the number of sow deaths.
A subset of the data collected with the information of LFI was used to analyze the association of LFI and sow level factors with sow longevity. Factors such as farrowing interventions (farrowing induction and farrowing assistance), the presence of stillborn, mummies and pre-weaning piglet mortality and number of piglets weaned were not associated with sow longevity within 35 d post-farrowing based on the univariate analyses (P 0.05). However, in univariate analyses, both health problems during the periparturient period (which included lameness and other indications of compromised health) and lameness were found to be associated with sow longevity 35 d post-farrowing. Therefore, the associations between the identified factors and longevity of these sows within 35 d post-farrowing were analyzed using two separate logistic regression models, one with lameness and the other with health problems (including lameness) as one of the explanatory variables (Table 3) . Unlike the models presented in Table 3 , lactation length and the periparturient health problems were not associated with sow longevity before attaining subsequent parity in univariate analyses and, therefore, were not included in the multivariate model presented in Table 4 . The results (Table 3) indicate that the likelihood of removal from the herd within 35 d post-farrowing were associated with the number of piglets born alive, average LFI, health problems during the periparturient period and parity (P B0.05 for all). The likelihood of removal from the herd decreased by approximately 18% with every additional piglet born alive. Similarly, the risk of removal from the herd decreased by 32% with every 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34 additional kilogram increase in average LFI. Sows that did not have health problems during the periparturient period had a lower likelihood of removal from the herd compared with sows that had health problems. Sows of parity 1 and 2 and 3 to 5 were approximately 82 and 69%, respectively, less likely to be removed from the herd compared with sows of parity5. As in the model with health problems as an explanatory variable, the directions of associations and levels of significance were similar in the model with lameness during the periparturient period as one of the explanatory variables. The risk of removal from the herd before the next parity decreased by 8% with every additional piglet born alive (Table 4) . Non-lame sows were 37% less (P B0.05) likely to be removed from the herd before the next farrowing compared with lame sows. Sows of parity 1 and 2 had 45% and sows of parity 3 to 5 had 44% lower (P B0.05 for both) likelihood of removal from the herd before the next parity compared with sows of parity5. The likelihood of removal from the herd before the next parity tended to decrease with an increase in average LFI (P 00.08).
DISCUSSION
The main justification for retaining sows with considerable health problems during the periparturient period is to minimize productivity losses. Sows with poor performance and health problems are more likely to be culled after weaning as evident from a higher percentage of sow culling around 20 to 30 d post-farrowing in this study. Another peak in sow removals between 70 and 80 d post-farrowing may be associated with sow removals following pregnancy diagnosis after breeding or for other reproductive inefficiencies. Abortions, prolapses and problems such as ''not in pigs'' (a female pig expected to be pregnant and later identified as not pregnant after the expected farrow date) may have contributed to the increase in sow culling between 130 and 140 d post-farrowing. The higher percentage of sow deaths immediately after farrowing confirms that the periparturient period is a high-risk period for sow mortality as reported in previous studies (Chagnon et al. 1991; Deen and Xue 1999) . It has been reported that 45 to 65% of the mortality occurs before the due date for farrowing or within 21 d after farrowing (Deen 2003b) . The peripartum period and up to 3 wk postpartum is the most sensitive time for sows with over 50% of sow deaths occurring in this period (Anil et al. 2005 ). Locomotor problems have been reported to be a major reason for culling (Jørgensen 2000) . In the present study lameness was also the single most important reason for sow removals. A higher proportion of removed sows were reported to have lameness and other health problems during the periparturient period. A lame sow in the farrowing crate may be at a disadvantage. Lameness is a known painful condition and pain may reduce feed intake. Johnson (1997) reported that cytokines (interleukin-1, interleukin-6 and tumor necrosis factor-alpha) released by the inflammatory process can induce anorexia and lethargy. Bach et al. (2007) also suggested a negative relationship between dry matter intake and locomotion scores in dairy cattle. Inadequate LFI has been reported to undermine subsequent reproductive performance of the sow (Baidoo et al. 1992; Kirkwood et al. 1987) leading to a removal from the herd.
Retaining sows despite lameness and other health problems during the periparturient period may adversely affect the overall herd performance in the long term as evident in this study. The number of piglets born alive is an important performance variable in swine breeding herds as it influences the output from the unit. Adding to this is the effect of a lesser proportion of sows farrowed and a lower longevity among those sows retained with health problems during the periparturient period. This suggests that sow removal decisions should be re-examined after farrowing.
The results indicate the adverse effects of lameness and other health problems during the periparturient period on the longevity of sows within 35 d postfarrowing or before the next parity. Lucia et al. (1996) reported that the lifetime number of piglets born alive was lower in females culled for reproductive problems, indicating the importance of the number of live-born piglets for higher sow longevity. This report is in agreement with the association between the number of piglets born alive and sow longevity observed in the present study. Inadequate feed intake during lactation may adversely affect the subsequent reproductive performance of sows. Restricted LFI prolongs the wean-toestrus interval (Baidoo et al. 1992) , and is associated with a lower pregnancy rate and embryo survival (Kirkwood et al. 1987) . As reproductive inefficiency is the most important reason for sow removals in breeding herds (Stalder et al. 2004) , effects of low LFI may reduce longevity of sows as observed in this study. Hughes and Varley (2003) confirmed an adverse effect of inadequate (Anil et al. 2005 ). The present finding of higher risk of removal of sows with diseases or lameness within 35 d post-farrowing is in agreement with this. Deen and Xue (1999) and Tiranti et al. (2003) reported increasing risk of mortality with increasing parity. Gilts had the lowest mortality risk and as parity increased, annual mortality risk also increased (Koketsu 2000) . A recent analysis indicated that the risk of removal from the herd before another farrowing was 3 and 24% lower (respectively), for sows of parity 1 and 2 and 3 to 5 compared with sows of parity 5 (Anil et al. 2006) . It is likely that the risk of removal increases as the sow ages, especially if the sow develops reproductive or health problems. The present study indicates that periparturient factors, such as LFI, the incidences of lameness or health problems, as well as sow-level factors, such as higher parity and fewer piglets born alive, predict the removal of a sow from the breeding herd, post-farrowing. Lameness appeared to be a major determinant in premature removal of sows. The results indicate the need for measures to ensure adequate feed intake during lactation, and to minimize the incidence of lameness to improve sow longevity. This study suggests that sows retained with periparturient health problems had lower longevity. In addition, fewer such sows had another farrowing. Sows with the periparturient health problems also yielded fewer live-born piglets if retained. The results suggest that retaining sows with health problems during the periparturient period may lower immediate production losses; however, it may adversely affect herd performance in the long run. This observational study could identify some of the risk factors of sow longevity in a commercial farm setting. However, the results are limited to the extent that the recording of health-related risk factors, such as lameness and other disease symptoms, was based exclusively on farm records that were not necessarily based on veterinary diagnosis or other standardized procedures. Further, the study included data from a single, large commercial herd and, therefore, the generalization of the results may be restricted owing to the wide variations in management, housing and in genetic lines of sows.
